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Abstract 
The article deals with differences the programming of production of thin-walled parts using CAM applications for industrial production. Were 
compared by the amount of time and the number of clicks buttons during which the G codes generated and longitudinal roughness of surfaces. 
The first side parts has been produced by the program generated by CAD applications WorkNC G3 21.06 and the second side part using 
Autodesk Inventor Professional HSM PRO 2016. Using generated G codes for Fanuc control system in the various CAM application was made 
component on CNC vertical machining center Pinnacle VMC 650 S. 
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1. Introduction 
Today are used the following ways of programming are used for the preparation of CNC programs:  
¾ teach programming, 
¾ manual programming by the  help of ISO G codes, 
¾ automatic programming using programming languages, 
¾ automatic programming using CAD/CAM systems,
¾ shop floor programming, 
¾ macro programming [1],
¾ step programming [2]. 
The mode of the program production for a concrete component is affected by: 
¾ the shape of a component itself,    
¾ hardware and software design level for programming, 
¾ operator’s prior experience and skills,
¾ the type of the control system of  a CNC machine, the technical equipment of a CNC machine [3].
Popma used in the field of high-speed machining Computer Aided Process Planning for high-speed milling of thin-walled. 
This approach and concepts have been implemented into software, based on an existing feature based, knowledge-based CAPP 
package. The core steps of planning volumes to remove, how to machine them, and in which order, have been automated in a 
knowledge based way. Also supplementary software utilities and functionality have been implemented. From evaluation of the 
resulting application for industrial practice, the automatic determination of the machining sequence for thin-walled geometry and 
the improved overview of the process plan were considered great benefits [4]. 
© 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Computer-aided manufacturing (CAM) is use of computer software to control machine tools and related machinery in the 
manufacturing of workpieces. Most machining progresses through four stages, each of which is implemented by a variety of 
basic and sophisticated strategies, depending on the material and the software available [5]. 
The stages are: 
Roughing: This process begins with raw stock, known as billet, and cuts it very roughly to shape of the final model. In milling, 
the result often gives the appearance of terraces, because the strategy has taken advantage of the ability to cut the model 
horizontally. Common strategies are zig-zag clearing, offset clearing, and plunge roughing, rest-roughing. 
Semi-finishing: This process begins with a roughed part that unevenly approximates the model and cuts to within a fixed 
offset distance from the model. The semi-finishing pass must leave a small amount of material so the tool can cut accurately 
while finishing, but not so little that the tool and material deflect instead of shearing. Common strategies are raster passes, 
waterline passes, constant step-over passes, pencil milling. 
Finishing: Finishing involves a slow pass across the material in very fine steps to produce the finished part. In finishing, the 
step between one pass and another is knowledge compilation, and achieved good results. Feed rates are low and spindle speeds 
are raised to produce an accurate surface. 
Contour milling: In milling applications on hardware with five or more axes, a separate finishing process called contouring
can be performed. Instead of stepping down in fine-grained increments to approximate a surface, the workpiece is rotated to make 
the cutting surfaces of the tool tangent to the ideal part features. This produces an excellent surface finish with high dimensional 
accuracy. The first commercial applications of CAM was realized decades before. It was in large companies in the automotive 
and aerospace industries, for example UNISURF in 1971 at Renault for car body design and tooling. The output from the CAM 
software is usually a simple text file of G-code, sometimes few thousands of commands long, that is then transferred to a machine 
tool using a distributed numerical control (DNC) program. [6]. 
Lu et al. described, that China-made 5-axis simultaneous contouring CNC machine tool and domestically developed industrial 
computer-aided manufacture (CAM) technology were used for full crown fabrication and measurement of crown accuracy, with 
an attempt to establish an open CAM system for dental processing and to promote the introduction of domestic dental computer-
aided design (CAD)/CAM system. Commercially available scanning equipment was used to make a basic digital tooth model 
after preparation of crown, and CAD software that comes with the scanning device was employed to design the crown by using 
domestic industrial CAM software to process the crown data in order to generate a solid model for machining purpose, and then 
China-made 5-axis simultaneous contouring CNC machine tool was used to complete machining of the whole crown and the 
internal accuracy of the crown internal was measured by using 3D-MicroCT. The results showed that China-made 5-axis 
simultaneous contouring CNC machine tool in combination with domestic industrial CAM technology can be used for crown 
making and the crown was well positioned in die. The internal accuracy was successfully measured by using 3D-MicroCT. It is 
concluded that an open CAM system for dentistry on the basis of China-made 5-axis simultaneous contouring CNC machine tool 
and domestic industrial CAM software has been established, and development of the system will promote the introduction of 
domestically-produced dental CAD/CAM system [7]. 
Deng et al. solved some common problems of CNC-machined spiral bevel gears such as small cutting strip width and poor 
surface quality, while milled by the ball-end, a machining method of face milling using a disk cutter with a concave end is 
presented. The research theories are based on the foundation of spiral bevel gears' geometry structure. Firstly, a bigger diameter 
disk cutter with a concave end is selected. Then, change the setting order of cutter orientation angles. The functions of cutter tilt 
and yaw angle are separated, and tooth surfaces machined with big cutting strip width and no bottom land gouge can be expected. 
Since the cutter yaw angle, determined firstly by cutting contact point, positions in the tooth surface machine, the bottom land 
gouge interference can be avoided effectively. Then, the tilt angles of the gear pair, both side tooth surfaces, are determined by 
the theory of sculptured surfaces machined by the flat-end cutter, respectively. As a result, the improve [8]. 
Gok et al. used convex and concave inclined surfaces are frequently encountered in the machining of components in industries 
such as aerospace, aircraft, automotive, biomedical, and precision machinery manufacturing and mold industries. Tool path 
styles, generated by different cutting strategies, result in various cutting forces and tool deflection values that might lead to poor 
surface integrities. In cost-effective manufacturing, it is helpful to make known their effects on machinability. Thus, the first aim 
of this study is to investigate optimum cutting parameter values in ball end milling of EN X40CrMoV5-1 tool steel with three 
coated cutters [9]. 
Wojciechowski predicted the majority of cutting force models applied for the ball end milling process includes only the 
influence of cutting parameters (e.g. feedrate, depth of cut, cutting speed) and estimates forces on the basis of coefficients 
calibrated during slot milling. Furthermore, the radial run out phenomenon is predominantly not considered in these models. 
However this approach can induce excessive force estimation errors, especially during finishing ball end milling of sculptured 
surfaces. In addition, most of cutting force models is formulated for the ball end milling process with axial depths of cut 
exceeding 0.5 mm and thus, they are not oriented directly to the finishing processes [10] . 
Wojciechowski et al. modeled of cutter's displacements during ballend milling with various surface inclinations. The cutter's 
displacements (vibrations) model including: tool’s geometry, cutting conditions, surface inclination angle, run out and tool's
deflections (induced by the cutting forces) was proposed. Subsequently, this model was validated empirically during the milling 
tests with various feed per tooth (fz), depth of cut (ap) and surface inclination angle (a) values [11]. 
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2. Material and measurement 
The cutting tests were carried out on a 3-axis high speed milling center with a 4860 rpm spindle, feed 860 mm min-1. The tool 
was a CBN cylindrical end mill HM MG10 HX P 15358.300 with four cutting plates, 10 mm diameter. Helix angle of inclination 
λ = 55° angle, rake angle γ = 10° and length of the mill tool L = 72 mm. The work piece was made of duralumin ENAW2007. It 
has a good workability. For experiment are following short-circuit admittance parameters were to be employed: cutting depth 
(DOC) 1 mm. Measuring of surface roughness was realized on measuring system Mitutoyo in the out place 1, 2, 3,4, 5, 6. 
Dimension of produced thin walled component see on Figure 1.
Fig. 1. Dimension of produced component in graphical environment Autodesk Inventor 2016  
3. Component modeling in CAD software products 
CAD model of part was created using software Autodesk Inventor 2016, with use of features like Extrude, Removal Extrude, 
Round, Edge Chamfer  [12]. Modeling in Autodesk Inventor Professional 2016 would be realized with use of same features and 
operations [2]. CAD model of part was saved in STEP (*.step) format. Environments of different CAM software solutions are 
showed on further figures. Choice of stock in Work NC G3 21.06 we see on (Fig.2) and choice model in Autodesk Inventor 2016 
we see on (Fig.3). 
Fig. 2. Choice of stock in WorkNC G3 21.06 
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Fig. 3. Choice Model in Autodesk Inventor Professional HSM PRO 2016
3.1. Comparison and evaluation of creating of CNC programs with use of different CAM software 
Prior to comparison of creation of CNC programs in environment of different software solution it is necessary to determine 
the categories and values that will be observed, measured and compared in order to make the final result objective and true.  
With this paper following values were selected for evaluation purposes: 
¾ Number of mouse clicks while programming the particular operations, 
¾ Time necessary for programs creation and completion of particular technological operations. 
3.2. Number of mouse clicks while programming the particular technological operations 
While setting particular technological operations and cutting conditions it is necessary to use the mouse clicks many times for 
selecting of actions, orders. Figure 4 provides information on total click amount for selected technological operations. 
Fig. 4. Total click number for necessary for creation of CNC program 
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For measuring of click count there were the same conditions set in all programs, for example also the initial clicks for 
software starting and environment getting ready were counted as well as clicks for creation and saving of part model. Following
figures shows the selection of technological parameters of manufacturing and also selection of tools in different CAM software 
and play path process in Autodesk Inventor HSM 2016 we see on (Fig.5).
Fig. 5 Play path in Autodesk Inventor Professional HSM PRO 2016 
3.3. Time of model creation 
Measuring was started with first click on the icon of the program and stopped with complete and usable NC program created. 
Time measuring was realized between first and last mouse click. Figure 6 shows total time necessary for part programming in 
seconds. Shortest time of model creation was measured for Autodesk Inventor HSM PRO 2016 thanks to low number of 
necessary clicks. Second place took WorkNC G3 21.06, where the program creation took almost 3 minutes mainly because of 
complicated use of working windows. 
Fig. 6 Total programming time for inventor a WorkNC 
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Total time about manufacturing thin walled component by help Autodesk Inventor Professional HSM PRO 2016 we see on 
(Fig. 7). Total required machine time for the production of thin-walled parts using Autodesk Inventor is 3 hours 26 minutes. 
Machine time for the program WorkNC was 3 hours and 5 minutes. 
Fig. 7 Total time about manufacturing thin walled component by help Autodesk Inventor Professional HSM PRO 2016 
After generating of CL data and handling them with postprocessor they were inserted to control program of CNC vertical 
center Pinnacle VMC 650-S, Fanuc control system [13], following manufacturing itself see (Fig. 8). It may be machining, 
Hadfield steel [14], composite material [15] for various roughness of surface [16].
Fig. 8 Information about manufacturing thin walled component 
The roughness measurements were performed on one side A, which was used Autodesk Inventor and on the other B by 
WorkNC. The measurement was performed on the six point along the outer periphery of the thin-walled part we see (Fig. 9).  
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Fig. 9 Measurement of the longitudinal roughness thin wall part 
The measured longitudinal roughness Ra and Rz values on both sides of the part we see on Figure 10. 
Fig. 10 The longitudinal roughness Ra and Rz surface of thin walled component 
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4. Conclusion 
The manufacturing environment software CAD is increasingly complex. The need for CAM and PLM tools by the 
manufacturing engineer, NC programmer or machinist is similar to the need for computer assistance by the pilot of modern 
aircraft systems. The modern machinery cannot be properly used without this assistance. 
The Autodesk Inventor Professional HSM PRO 2016 enables, total shortening programming respecting professional output, 
nice and easy-to-use environment, support of the latest machining strategies, excellent automatic residual roughing and residual 
machining smooth and high-quality postprocessors, the most advanced processing architectures (32/64 bit multi-core / 
processor), fast processing with the possibility of distributed computing,  
The WorkNC MPM module allows users to easily resolve problems arising from multiple part machining. Features at a 
glance: no programming is necessary on the machine, simple and reliable part positioning, unsupervised machining, optimal use 
of clamping assemblies and palettes, significant reduction in number of tool changes, flexibility and adaptability during 
modifications, part symmetry and rotation without having to recalculate toolpaths. 
A very important difference is building a solid core programming Work NC programming software and programming 
software Autodesk Inventor 2016 HSM. A further important difference is the number of clicks the mouse button and the time for 
generating the NC program for production of equal parts. Less time was if using the programming software Autodesk Inventor 
HSM 2016, which is thus recommended for programming production of thin-walled parts.  
The lowest values of longitudinal roughness Rz = 1.03 μm were measured on side A at the 2 produced using Autodesk
Inventor. On page B lowest longitudinal roughness values Rz = 1.75 μm were measured also in place 2 produced using WorkNC. 
The highest values of Rz = 1.73 and the other at the points 4, Rz = 3.91 on the side B in the place 5. Higher values of surface 
longitudinal roughness B side thin walled component produced using the WorkNC is a different equidistant tool and thus shorter 
production time by 21 minutes. 
From the above differences, it follows that the shape of the parts you need to select the appropriate programming software. 
For a simple shape-parts is recommended Autodesk Inventor software. 
This work is a part of research project VEGA 1/0619/15. 
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